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>JDiaAtU^^JM't^Üt>""—"* -.^i-J^»^.^--^'—a»JP?'f-«-Vf.7--f,.i sa3%23S*asSiiÄ^^ 

'!'''_;    is^ts-'ivf^*^^«.*   •^•^"i^tr / 

imc^e 3ßTOBÖröÖPlÖF' 

<: , 4The, fyÄci|:ori: pf ^ titejisipfefeed. spctiph ä.t microwave frequencies -3Ü5 

;i^.;;i&"%8 •^yöpiiÄf;;;^f j»^'itbi^r.JlatjBre"8't; are the IpcaiiPhl pf the;, volt-* 
age\#igl|ja,.•w^ihiyM^-^YS^-MsP-- ?1^^^>ä,y.e ratio).   Yärlous sasalj. PjJpf« 

"{can? arise. !in cpjmeption with such measAiiemierits which are; of' little i>rac.fieal 
PonB'eauejace 'when-- prdi^ry (rough) .measurements, are taken, "put which must tog 
j0M'eM%?eä! an* PpmpehBatPcL for when prepise; reöuLts are, desireju   The three 

ert^f.spiaEces are:    (ä) the   deviation fsjpai: square, läwtoeheyipj; Pf 

jfi^SBjcsts! "Ys?$?j ÄeasHJEaaent.8r», may peeömf-CLuite seripua^^&t^iK^r upon the« e<iy.pr 
tfeh$:'U8pd anc|;'coneequentily methods fp* t|& eiiaijätipnajrp well k^wilu-     The 
§^8%6?tipn ;pf thf staftdingi tiaye pattein tue tp the $.^'pe-a.^itJ^c.eV?Bä3f 

"'generally TDe;minimtzpd.s)H'fipientljr hy .permitting, pj^y small p.rab'e insertipa 
deaths:-and toy~ tuning the protoe for ma^.raum pickup:; a'discussipn of protoe 
effects? and a methpd of correction? for large insertion depths are given 
in the literature-*   xhrs. reppirt is _ cpnceraed solely with error source fcp)v 

*w    w«v 3Jhe: presence of the slot in the slptted section Intro dub« 
effects?    fa)" the slot, loads the vmyeguide and produces a slight shift in 
Its guide •wavelength   and eharccteristic impedstnce;, and (.to) the end of the 
sipvfc introduces a discontinuity effect.    Other discontinuity effects may toe 

1    w Fpr example, ;H', M«, Barlow and A. L;. Cullen,, tMi.crora.ve Measurements", 
Gonstatols and Company .LtdVi London* 1950» pp. 128-130. 

B*^ 

I 

• itoid.^jpj^.139 ff... •'"-"•-..    -.. _•-.;    -- „-.       ,  
C.G. Montgomery,  "Technique of Microv»ye Measurement", McGraw-Hill Book 
Go.., 19%., Sec. JS.U 

3 W. Altar, F. B.. Marshall $ and L. P, Hunter,  «Protoe Error in Standing Wave 
..Detectors«., Erpi-..1:..R..E.-,.^ „-.pp., .33? >- fe, Jan, I9I+6, 

4 , ... 
C\. &. Montgomery, op. cit,, Sec. g.3.    Expressions for the shift are 

sen." -   - .   . 
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'intmüüeek.:ÜfcM^£$ä^£~-&ö- ÜBßC.ö.£ an^däpter, stuh-o-r'^^t^s:j^.6-r-tS': -if 
eoaMal line i£ 'ü3e4ir|^P.ei^?isg i^!k§nÄfäcture:>. etc*.: M&e. Mtift> ih gtiide 
myMjoh^h ^exel^ IJa^^coJud^: JbineJ^yif; the order of i/a']?i|ii^^....i«-":BS.i 
^ijbu.r'bing; a-lhcji; "jJKe^:g^äe^:my-(Bie^^ht:S.8 accurately mpÄRUradL ä 4i&.«\iH.ipfr4,eä!. 

'•se;ptIp:a-.: '.* TSg; s|£f t>; "t^J^^q^^^t^^ißaM^ if&sp small-,, laiiibdüclä-" a. 
Ie^J^i,jörr^^^höVeier\ -3jt-,J^%;jmj^'s|g'e^.;^pgfe^|'g,ä£§. ;hoxm&r rC^isd^t'ollthel-  
^^reiV/at^M^lhaä1 "48^*^3§.?^^^'^iSi^iÄl!^iM^i. cWräc.tißfiRtiSL.in^es.- 
äaJicB:.    I^addi'lipä, the .&%?^.^i^^6l6(ii^j^S.prliroe4B^je pröduces^a. fe* 
rfiection at; $Ke Tend öf the ,sipt,. -a||th|3i^i-*£&£ .effect is less si:^äffi;eant 
ttah t&tt |Lue~:tp the gapmetrical^ the en^ of >|he. ., 
slbjt>^^^~^ qf the flP.t. ;resiä$3 . 
^ö,t«Fi^^ iiOl äid JiÖ2.    Other di^.cphtinul;t|est. ^&ch 
pay':e^sjiin;\.i^; .asBpTcla'töÄ^ M^P^elit =c|m easily p.fpduce;_.eTäen; .larger: i»Ber~ 
'tiph;^SWft*fs*   Tliese 4i;scpnfciniä;!by; effects introduce ;"eri»rs{;in:,Ähe ipcstion 
:p^1&]|jy^ fhe^m^suremeht pf the,^SwH.,; 
p?öaffhtslai|:i^li; .^; dürfet caifihi^tiph-Beherne ttet yjelds;J^. Mfrectibhs 
Is^lpr Ip^^ipn, p'f' th# wltäge minimum and to the 7'ßVB- so that ^^resgi-t'r 
ing values- corr£Jp;chct tp läsat. would he öptalned in a wayeguide M^haut a 
flot1 and" iäfth no* o^scpötlhuity effecis/prpsent.. 

'" Methiöds ^pX_^l5pehsatihg for the discontinuity jeffgets: have:haen 
considered in the literature.    Fp^r example^ M. Hi Oliver^ treats; the dis- 
continuity or discontinuities, present as a.lumped two termihalr-pair net- . 
work, ^glv.es methods for its measurement, and presents schemes for sub- 
tractiiig out, the-parameters of this network in order to correct a Töeäsured 
impedance..    He does fr* consider the shift-in characteristic impedance of 
the fslot'ted section.    .>-iile his method is, suitable for the measurement of 
sfcp'le terminations where a value of impedance is directly obtained, it is 

"too" cipb^rsome for precision methods for two terminal-pair structures which 
employ ah avemgifrg' scheme for the input~data and do net present the impe- 
dance values-minor the very end.    The calibration scheme presented herein 
correPts-the'input data directly.    F. Tischet'1' describes a measurement 

"method for determining the maximum possible error in the measurement of 
VSWJB due to the presence of discontinuities; his result is in agreement 
with Eq..s (2.9) of this report.    While the considerations are directed to- 
ward the- input data, they are evidently incomplete! the remainder of his 
paper is not pf concern here;.    The method employed in this report is an 

5. 

,6 

M. E, Oliver,  "piscpntinuites in Concentric-Line Impedance-Measuring 
Apparatus«, ^roc. IiEiij., London, Part III, 2Z » P* 29* Jaiu ^S0, 

Also, discussion,, p. 2U2. 

J;T«. Tischer,  "Die Genauigkeit der Xmpedangmessung bei Mikrowellen",  Trans- 
^ is-   '*•"       actAohs'-of the Eoyal*. Institute of Technology, Stockholm,  Sweden, No.-36, 

-1950V.   \   "•••.   •..'••.-•;.<   \ >- 
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of the one used "by JJ. MarcuyitzT and;Oö•^fke^|L#^. the ;M;JX.T:*S: , _ 
ItadlfiL^lon Lähpratory.   Their considerätipnslrerfe' l^£t^'^/iM m^lBUfattent   • 
•of lossless structures, and only the discontinuityeffects were taken into 
a;p_cpunt.   By a slight--ex-tension') discussed, herei-hY the ^|df j»yelensbh, 
ifltijgf is r^djiiy^Qpmpensated for?    It- is. further, shöwn^tiiax ~iVia possible 
^'BfeÄiis.j5;|^a^p^priate simple ;fa£törf;J;p, correct the "yaijiei, -itf. the-jocär 
tiön^f fh& fÖlta.|e winirauj» and the VSWB, |h the/measurlBm^ht '&.£.''dia^ipa'tSre 
jtr^forjeg- from- the calibration cu^e- valid •d%-i^qM^/lbr-'lpjs.3,l':e'ss üMipufe^ 
#ent^ ;o|ily:.-'. _' y ".''•  '• •-=.-.'-.--i /   '---:• :  ->y    ~~  -   •       -   y- 

"__ Part II discusseTä the"- cäli?bf%tipa:;|>rp.opdüre in principlevand in 
appliqationi yhiie Part III present's. the: theoretical* basf3for the'procedure;, 
thp; Appendix .cpntaxns a; detailed instruction pTOCedUref for teV*>^,ciahsV 
fiff. Wt"'^Se0M--with a description ofrrthe3^|^^Sionvprocs4ure and;, the prin- 
ciple TÄderiying it, and includes, a. ^sample ^liDÄtipn curve fpr an X^TSaÄd 
elot|ed seJtlPiTtp: illUstrate tfip ojuianti:_tajti*€ asppct.s••*    She corrections; to 

•'&ßl TJWR-Mid t|i:e ipcätioh pif the voiftaige jfiiniSui. for. both lossless »jid idii^ 
sipttive strxTcfe-a**»«! f e Jiseussed and expressions for the Mximuä possible^ 
cprrectipns for those Quantities••_,are.givSiä in terms of the insertion ^§fSt 
pf the slotted section "being calibrated, the^lätter quantity "being •or'btain- 
.^le. frpÄr the ^calibration Curve itself-.    S-eetion S of Part. II considers a. 

•~,•V.--» -rt-P- ——-ii~4-<i—•i-a.i.-— _    J-_   4-1-1 a -l-'*-V-*^-'+Ai-A •— -VM J~—;—       0— a    JM- x.   _~LT: _,i—:. iuUfllySl.r -9*   äppxi &3.UXU.LIB   xyx-   yiio   uaj-iuiouiuu  pruüBuiu-c,   ä^V-   J.-J.XB:U  px-ess eu«»B 

remarks* cpnö erhing rejefence p*a^; "shMIs and electrical length measurements 
äpprppfiäte tö discontinuities, located in ä length Pf vsveguidei    The modi- 
fications in the cali'Vratioii prpcedure pertinent to the following special 
sitiTätiöns are then discussed:     (a) 'tiien öoupling stinietures are associated 
with the variable short in addition to; the."-slotted section, ('"b); when the 
slotted sect ion and ifche •v^veguide cphtaining the discontiniiity are of dif- 
r,ör|nt cross -sectional ;shape= or dimensions, and {:c^ ?aheh a so-called 
«.•j.i%.tive«' eq'aivaient netwrk is* desired for a junctipn "between two dis- 
similar-waveguides'. - _" 

•ihe derivations of the correction relations and associated sx= 
pressions are given in Fart III.    A theoretical expression is derived first 
for the calibration curve obtained for purely reactive terminations.    The 
mc-Hi-cations necpssary when the terminations are dissip&tive are then c.q-ar 
sidei-edy and the appropriate correction relations are derived..   Finally, 
vxio- BiiBei/ on  vuB -00.LJ ;jra.-oxoii  i;ur»tü ox  »u  errurr xn   uxic  vcu-iauxo  »««-r«  J.» 

examined,, and. a aethod of testing forv sushuah, error is_d?söi>ite^*    ^? 
Appendix, in pr^öenting detailed ihst'rUctions oil taking the measurements, 
.trejäting. the data, and obtaining the. pertinent corrections, from the calibra- 
tion pur^e,  is es's-ent-iälly self-contained.":     ". 

K-. .Marcuvitz et al.,  ?The Piep.resenta-tions_.M«a;5u-rie!rient,, and Calculation 
-"    •   '•'     '   ~-    '"'   '*-     ":" ••   '- ""    '^'  '-nal-ieVtioh "1 

Chap..  IVJ, 

\fi 
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,ii. r:TE3 C^IB^IGIT;.P^CSSüHE 

"A-.',',. , JThej-Caffibratioh, Öurve; Principle and JPrö cedure 

~_Z-•"., v*: T '.^ey^j^c-;l|^f1fe4:S$c-tlb%^^MÄ?men$f| of VSlflS and the location of 
;^&^"^Clii^g^ J^l^^^--a^» •ialf^Bcfeed 'by the variety "of errors inherent in- -the 
/;siö?feMap' &ie£^;ätti.-, .IfeV't-r&it E'ere- drily .those effect? introduced by &isc»htinüi- 
t^.s/fw"t"p^^tlfcs end of the" slot arid possibie adaptors, head supports,, etc.,.. 
and: by the presence bf the slot in creating a guide wavelength and character^ 

~i|^i;!?i ^SdjÄ^lsi'i^tly different frc> that: of a guide without the siöt. 
JEhe;^ :ealib^£;l^ compensates rigorously for there 
jeTffectsV?i#;j|^ isi^i-e>faahii3ny'.and',, in-aiditi'-  ., .corrects the input data 
'"diricSiy.iVy.   •..-/• V-- ""-'- ->:-v V: .-.--'-.-.-._,." . '.-•'"   .""'-' 

. "f-w. ^^^"J#^5€öE»t*.-^ v|§ ^guj^ent for a slotted sect ion calibration 
/pi' f§o>?% ,-tn; ''0g:i:'l£. distances |)c and. f '.are .considerei po^i^tive in the/ direct 
"tfpnfc"^ ihdojpatied^   "althäü^i irt.M'g, "%£ and. S; are* shown as" actuaä. disitances 
'^i^&^^J^{i^^^Br'^^^''ij^^p£iß(3J, it is sufficient £n the dispussion below 

to. -rfegardy-the^symbois DxincL S as arbitrary indicator readings, where S re- 
presents,, the; "location, of ,a .short circuit in the variable short and D the 
location"© £ the corresponding: voltage^ minimum in the slotted. (sectiph.    Mhe 

.ifil>ää di|t|Öeetä äre^:then giveri by uübtiac.ting "D^and HTjj.. .,' "respectively, 
;-f-rpm' the =D and S. readings,.j.vhe.re the förmi|r\a^-nti.ties.   (subscript, & signi- 
fying 'Irefgrence'^arieJtne_^dieator readings corresponding tö a. short 
circuit,ät- the_int.erfäee between the end of the slotted section .and the 
variable short, or,, alternatively;,, from, some other convenient reference. 

JpiBtne. or planes•_. Jhe '^slotted ^seötiönj! to. be calibrated includes,  in addi- 
tion to-the. slotted, section-proper, any.adaptor, couplings., bead supports, 
etc/i, if use;d..   'The .calibration procedure assumes that the variable short. 
lsr.p;e-rffiBt.i: tke effect, of' an imperfect variable short is considered in 
Part iij£r §pc-. C:*..   . -     ----"__.. 

powefr ^^m 
säk 

S130TTBÖ 
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i    Arrange&'ent for Slotted Section Calibration. 
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/'^L'^^-'P* *Äe. raäi^aÄtlon curve are Obtained-fey 
of values of I) asd S over the range of travel of the prohe 
tioh, measurements are made of the guide wavelengths X^änd X 
ted-section^a^ä varlsfcie:^horlt, respectively. ' 

91. in a&di» 
in .the «lot« 

In; order for the calibrated slotted section to correspond to an 
or perfect; plotted section, we require ;     .'-' 

>'• 
corrected t$m 

the Negative figS appearing "because of the opposite directions Assigned to 
D and;j$, as seen .in^iig* •!-•   5his" specification implies that all diseontiKi« 
ity effectshave^ ^een^liminatpd and that the guide wavelength. In tke slöi^ 
ted .section is iuentical':^to>tliatwin tto, variaibie short.    It is prefexaole 
,M;'3^isiy :rM^re|^t ;t2>l)1 in two,steps:    (a) cons trusting a Ä^iferatiön 
:%^e :|Lc^o^ding 'tp;''^^;ppelBirH*cai!tioÄv^_; -•=-' 

D 
corrected 

Xgd 
=   "   x""~ (2.2a) 

-or-*" equivaiently, 

'531 

däK 

1 

corrected gd'  ga (2.2b) 

and (%) multiplying the'-Corrected "D value "by the wavelength ratio ^—/X^. 

Tiie ®corrected in•.^-e-c-*^'J°ft*iM* (2»l) is, of course, different from that iii 
](2.2:H the latter is employed in the discussion helew.    Defining a correc- 
tion:--:'& Mr to; "oe -added to the directly oVtaihed voltage null D to yield the 
corrected value, as   ----- 

Ä   X)   =   D D 
corrected. 

we;~häye .from (2.2'b) 

AM 

so-that -thei corrections & D-say-b§-pi>tä-ined from 1 curve of 

-(D+S V^) (2.3) 

.0".-.* 

\ 

,?s 
Sücfra curve §a sketched in jp.lg/VE; the'^hape of the 
cursed' rn'Part IIIl""Sec. A. ^ ^ 

I 
curve itself is dis- 

•K "to 

_4 

4 

\1 

J 
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Tig, S   -Sample Calibration Curve. 

A plot of «~- (J3 + S.) vs.. Dj, yielding corrections in accordance with 
specification (2.1) rather than (2,2b), is not reconmiended "because of the- 
slope^"introduced• by the unequal guide wavelengths in the slotted section and 
variable short..    The slope creates a nuniber of undesirable features, the 
principal; one being^the involved modifications necessary when dissipative 
structures are measured.    Impedance values obtained from corrections Made 
According to specification (2«£b) are correctly normalized* to the charac— 
-teristiq impedance of a guide without the slot, but the resulting transmis- 
sion line representation for the slotted section is peculiar2 in that its 
characteristic impedance is identical with that of the variable short while 
its guide wavelength is net.    The peculiarity is eliminated, and the equiva- > -_     ^ \ 

Bpec^iicatroh l.Z*JJ obtained, if distances 2 
tiye to Xge hy multiplying by the ratio *g8/-^ gs'^ga* SiäPSSM 

are made rela- 
readings must 

be subtracted Jfrom. %, and since both D ar.d~i5g must be corrected 
by the same calibration curved the_abscissa level of the calibration curve 
is uBiiJ?p9.rtftat and for convenience we draw the abscissa axis through the 
average of! the curve as indicated in Pig. 2. 

X 
._j_ This iwas rpOlrited but Jb the writer by H= Ms «Ttschuler of 

Ef? search institute 
    —     _„ ._ .— „-- ... 
of the Polytechnic Institute of -Brooklyn 
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n 

--"., ::..-:'--r^s.. .W.^.??^* is.Ec4^^ Jl^:a^|)ireBieniof Ägd/*gti ».^ — o~- • 
%3.| #Bj^ -*h $&?> <^U^ra*|pa ce*fce;;, the slope shfisultt t>« ~el^tkti|a ^y 
^?#3§ tgls' J&$3ip.accö-rdineiy^ -Since -this; iins. -•Ss^iva'iSöai: ip| tha 

^äceuE|cy -of the- .x^tip.;, the: re;a^ting. value may he used as a more acc'drAte 
-^^W.;?f^H^M^^Wm't-'hga'0^ ^eä' v^ioheyef is felt to he less reli^ 
"'^^i^0^Wy^ai t&e -latip. fpf ;& par$icuiar slotted .section, and ä"partii- 
cTaal^riahle sh<?rt after ä hwaher- öf calih;rätiöns has heen found to "be 
$*&&•£$&&*' %? differeöt. fariahle shorts the value varief: s&$*tiy, 

« 

A sample, calihration curTcepf - (D + 8 Xgd/*gs) vs... "D is shown in 
5-%v -jjfa.' wkere the :pri|ihal data points are included.    The calibration curvs * 
for a; Taxe and To wie slotted section at a free space7 vavelehgth of 3*200 cms.., 
is seen ^P. ihä^cate ah insertion VÖWR of I.Ö16 (see Eg.* (2.5a").)-,. and has a 
Jf^t9 hg^'^B? ?^V»i-M -I.CO27'•    The precision of the measurements is seen 
''$^<^^WP^iSt^j^^.^ij^ß. to he + Ö^ÖQOJ' inches .or petjber*    It is 
uhdjirst%pci;|hat the jcalihrätipii is -valid, only at the.-freqt2i?ncy at. which, it 

:3a?aä:de*, :~   ,-'-• ••.-...• -. ;-   -,"----- .- -,. ' •-,_ •. - 

. Tp sOTHjarize the calihratioh .procedure; > A_ser;ies of values of D 
andj are taken over the range of travel, of^-the^rp^e^earriager..  A plot of 
-Cp*.,S Xgd/^gs) vs. p is made,  the ahscis.säviä¥^i:s:^dravh through the 
average; of the curve* and the. resulting ordiha0te is iahelied £> D.    The 
valued 5^^cte^ia then given^hy      .--    '      --. 

:epMffe$t;sd;; r^   (]>>§• ,^D) 4_/x 
;gSV     gd (2.^ 

-An" accurate -value ;foj£&äe insertion VS.KR of the slotted section 
äMassoc^teddisj&n^ directly from the calibration 
curve.^If ^efe^^s^ntln^jigs' are "small, the calibration curve is sinus- 

Jp||Uil.7ih^hap^ is related to the double amplituds A 
^^the^cu^eiits^^Flg^^gfHhy^ viV." 

•fhsertion VSWS   =    1 + 2 TT A/X A 
".-•".-" - - •   ,&u. 

(2.5a) 

Tf :the-Mfrereace bgtweeh the slot insertion YSWR and unity be expressed 
.:t*8~e^^ae^.vss^t7/7fDe{;qraes 

€    •= xdA (2.5^)) 

•where «|;= |TT|KJ ..t and the maximum ppgsjhlg -M^e.gjgiphv. ~Ljtjj£%_ is: related to 

iLA  A! 
-max. 

JZL _ A/2 '4-   £/g" "~M^; •;&. 

! 
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1 v fi-, 'max. ug's '*:* 
(£.# 

. . -. "The'gaitTsnCtiofi cu^e";d^söüss;ed; abövS-/VBJS
1jpbtajLiifetiL using purely 

jpeactiT^'vtel^^ti"gj^:;aä^'"is the£.e£ov;ei.^Teetly';«^liM6i1?''fQ* IPiSsless 
:s.trüc:ture8 only.    Since the termination for the slotted section discontin- 
uities, is no longer purely reactive when dissipatiye structures are measured» 
•one must, investigates the ef.fect- an the D. values- of a sdt-ssißätiye teiEinatien; 
ih pariieulär.i one ääsi^s the: relation bet-ween the. curve: of -tB+S XMÄäl siräs the; 'relation between the. curve: of -£B+S ^gs/^gd- 

rminätioäs and thai for dissipa'tive terminations.    Sue vs. D for lossless terminations 
.ah investigation is carried out in.Part  III^ Sec B where it is shown that 
uuderjfehe restriction c/(rm - l) <<1, where rm. is the measured TSWR value 
and e has "been defined above,, the calibration curve may he "used together 
with appropriate simple correction factors to obtain the corrections to "both 
the D and VSWR values in the. measurement of dissipative structures.    Since 
-e is -generally .smäil.,. the vagt majority pf measurements ,are included under 
this restriction;- if e = 1*016.,. say, as\ in the calihration curve of Pig. '3, 
ttoö^cwrSrctioh relations, may he used for measured YSWft's above 1.10* 

•"" The cüirrection .relations- for 'dissipative itr^eturea/are- given -in 
the Appendix as Eq, (Aj) for the corrected value of D and as Eq.(Aif) for 
the. correction to the VSWB. value.    By reference to relations (A^) and (2.5b), 
the-maximum possible correction A r' ^s related to the slotted section inser- 
tion'YSM by 

:|:vv. 
'max. =  -c r m C-2.S) 

in-agreement, since c is small, with the well known relation concerning 
Y§$2R:,;s of structures in tandem.  ..From relation (A3)  it is seen that for high 
%.i :th;e correction to D reduces to that for no loss, while for rm -approach- 
iiig. •'inity the correction diverges..    The latter.behavior is consistent wl'uh 
the.fact that the effect of the location of the voltage minimum'on impedance 
values "becomes inappreclable^äs" the VSVffi^approaches"Tmi'ty. "Tor values; of 

for which e is no longer much less than (r_ - l),  the expressions become m m 



Mrowp*3i.&ak^Uaa^aafcK3^^ 

ratlier cimh^raope; for D, the correction is räther unimportant, ho wer er, as 
mentioned Shove.    PturtB.erm6re, in our experience in the neaaurenien.t Of tw» 

-l — ^!*'   S~—: yeriuxiioa.'rjpttJrr novvioTxs-tjä aa.9 rarexy'oeen—xess" "Gcen x.xy. 

H.   . Other. Applications: of the CäTihration Procedure 

i.   . .A'dd'itiohal,MelBH.rlcfl' on Two. TermThaiyPair iStractüres 

-'riÄ';;few' further remarks are appropriate if the structure to he mea- 
sured consists of a &scpfitinui.ty located in a length of waveguide.    Since 
the equivalent .ciWuit^öegsu5effieh.ts are in^end^fqr the discontinuity alone, 
the wi^eglä^^höuiinjg the discontinuity" must he-of the %me. cröss^section 

;.'dim^ö*ipn;sj as; the slotted section and: v- riahie short,    ^h® procedure de- 
scried; iP Sec«. A öf the Appendix •^ejnif-ies the inference planes at the 
ehda :o#:ith# slotted^"secl^iön and th> i^riähie short, i.e., at Do and S« ; if 
preference plaae "shifts; are required, thegshifts in heth inpjat and pui^lut 
guides shörtla ^e made relative to the variable short guide wavelength, \ 
hy virtue of thai calibration scheme* 

gs* 

For symmetrical discontinuities, one can oht&in the equivalent 
circuit parameters at. reference planes symmetrically disposed with respect 
to the göömetriöal symrnetry plane without knowing the location of the dis^ 
continuity within the housing waveguide; only the overall, length of the .._ 
'housing structure need he known..   She measurement method?9 'which «ill not 
he discussed here* yieidl^ths ahifta •«* an* $9.» in electrical lengths, from 
T?i| and &£ » respectively, to reference planes~symmetrically disposed with 
respect to the geometrical symmetry plane of the discontinuity, as shown in 
lig*. k.   The location of the reference planes, relative to the symmetry plane 
of the discontinuity, specified W$hp » follows directly from the knowledge 
Of thproverall electrical length $£ of the housihg structure. 

The electrical length (^ is öhtained hy placing a short circuit 
first at the end of the slotted section •, determining %, and then at the end 
of the empty housing \-s.veguide when its other end is attached to the slotted 
sections ohtaining \»    $T  is ~tä.eh given by 

hu 2lT;[; 'E 
X. gd 

n integer (2.10) 

a minimum. -whertjt n.As so chr «ten as to make —__    _.. ^ ......   _ — ^ 
/    ffc-r lossless structures: . Footnote reference J, Chap. II, pp. 2b^iP. 

Pör dissipative structures: • "The Precision Measurement of the Equiva-- 
lent Ci*ci?i4"Päm^eiers of ^s.sipHi4vA Wi.cro*eve Structures11, hy L. 
Felsen and A. A. Oliner.   "To he issued. 

-m 
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Mg* h, .Procedure for Symmetrical Discontinuities. 

From, lag, 4: it is seen that . 

(2.11) 

aö=*ii|tt, th| 4i^tanc,e 2J& between reference planes is fc„ ^Aä/STT.    Length ij)- 
must % determined Mth. the discontinuity absent;, if tils Is ii^QssiTsle-i a 
mechanical rather than electrical measurement of" the; overall length is: heces" 
säry;^ thereby _ej^iahcihg the possible error.    With a mechanical length mea- 
surement., a Vf&ue for, the guide •wavelength in the housing .structure must he 
assumed, and 4 "slight error in it may "be serious as the housing «waveguide 
is generally several wavelengths, long; with the electrical measurement, the 
guide •wavelength does hot enter into the calculations until the very end- 
and then in conjunction with a smell distance,  2 j2  , so that the value 
chosen for it is not critical. 

2. .iGouplihg Structures Associated with Both the Variable Short 
• and:jchiQ-lottedISegtiohJ _ .""    " 

^S^^Wlvt^t^tJie structure to he measured cannot be inserted 
^^0^tf:33Wei; %M jM%$edlfi|§t£o;n ahd. the variable, short,. but that 
.Co.^l*^;1.,^1^6^tji|''.jj'üc^-S8.- cöhhe.ctöirs ,ör behd^ .must, be placed in between; 
$jt0. |,Jilü^tmtög the -«akft. for right änglelbehds.    Jhie to: the. presence of 
the bends:,, both the D and S values must be corrected. 

* : 
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5;  Measurement Using Eight Angle Bends. 

„      .;'-The railbration. curve, for the D values is „obtained "by considering 
iHe^upperr%end as^rpärt-öf the slotted section and arranging, the equipments 

-•a.'Bshoiwa.'..i& Pig.. 6(:ä^>;. taHng-a run of D ys. S values,, and .plotting; the calir: 
'Jrofspji" curve -.of •*(!) + S-'X-a/X    )- vs. D as discussed in Sec. A.    The or'di- 
«5|vli f ;ef ;ffia curve then gives the correction to he added to any.subset 

Jlugsfi.. D.; rending,4^tai.ned sahen sore, structure is inssrted^hlMve,eh the vari-: 
able short and the upper "bend. 

The calibration curve for the values of S requires the apparatus 
to. be 8-rranged as indicated in Pig. 6(h): the calibration, procedure nov 
Corrects for\'^ftBrieBeno.e..of.\^8coatin^.tar effects in the lower bend,   Aii- 
ather run of D vs. S values is taken, and the ? Values are corrected by 
using •=t^e:-cayhm^ion^csttiTfi..QD"tained from the,arrangement of Pig. 6(a), in- 
cluding mr^tipliclätion by XgB/^~d according |o Ift* 12.4),    The ordihate of 
five calibration- .curve of 'corr* * S;),. vs.. 3 then -gives the correction to 
he: äddMLtö- ajtiy .subsjequert S reading (including ST?) to yield the correct S 
bailie.."  The corrected D and S values are, "both. röiatiVe^it'öi-Xw'- r r 

T 
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~v- i'g-i o  '.Arrangement, ofEquipment fh„r- Cäii-bräticn. 

5. ,    Bis continuity, in^-a ^fyegäide Shape, for „Which Sa Slotted 
-•S~ee--t-ion is Available" '      r "    "    ^~    — 

_ •-'.    The applicaii'onris. iilüstraced "by £ig; 7..    It; ig assumed' that .ye 
**Sfc''tö obtain th^equlv^ent. -circuit'paräfie'ters of a .discontinuity struc- 
ture: in a. mveguide-of -unusual;, cross^section, normalized to the characterise 
^^•^^ä^f-9^-i^-->Ä7$gaiae;| -but. that no__si-at-ted .siction is available 
for- *ha%?guide shapip..- Such a mea|urement Is polfsibie usinj a slotted section 

J^-m^P&^^m^egimM^^a^, With the. addition.ai" requirements of ah adaptor 
from the .guide of unusual cross-section to rectangular guide, and a. variable 
shprt in the föraer guide.    Of course,  the dimensions must be chosen so that 
only the-dominant mode can propagate in each guide; theJädaptor,. furthermore, 
is tuned at the meas-m-ement frequency so ag to minimize the discontinuity 
introduced by 'the- adaptor dtsel^/ffr theHprfe g^i'uii will, suffer,. 

T£e plotted, feet-ion of. rectangular 'üävegu.. de must ;be calibrated 
•so? that it has- the properties of'an- equivalent soVtied section iii' the "'-wave- 
guide of .unusual bross^section,' and so that-the1 effects "of the discontinui- 
ties: %*^du^.hy;tbe ehd:öf:the mot,   thje adapter,, and. the difference in 
cnarac|er4stic- ^jBOSpthsQ* jaf^-eltmlnatedC   for :thts;'caMbra:tion,  the'vari- 

^b|:e, Ishöl-t--^ t|e idaptoirTand a run of D vs. & 
and 7w.    The procedure of 

-pio'1 
?ues-^afeej% %o;g7et-h 
itting .=-( D+~S fed/W) VSs D is  then follow 

Sec. B of the Appendi.1: äre-applied as; needed 
wed. and the corrections of 

• s 

ii 

i 
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-Eig. £ ;fieae.uremeht;of Eiscbntinuity in Waveguide of Unusual Cross-section. 

^^---tJ^gtioniBetveen Ivo IJissiraiiä^^ffayegaideg 

In all of the preceding discussions it has teen asstmed that the 
e^uiTäient^circ^.t päfämöters were desired relative to some specific single 
waveguidej namely, the variable short guide,    In the case of a Junction he- 
twe;en dissimilar waveguides, jjay a circular to rectangular waveguide junc- 
tionv^^h_4ome_--.8l;atat the..function plane, it is desirahl? to obtain a 

•*rela-tiyeB network representation,^ i»e., with the parameters given as 
l22/?2 issarz. 12% , ana where Zj, and Z_ are the characteristic 

iapjdan^efr *&$" .the two g^dei in 4uea$ipn; 

• — -    Such a measurement for the example indicated above would first 
require- ä calihratioh öf the slotted section so that the D readings, would 
he the same as in ä guide--with^no slot.    Ths measurement is then made hy 
takihg: a run bf D vs. S Values with a variaple short in circular waveguide 
p^.cp;d;.;hghind the «lotted section with the. slot placed between them,    fhe 
treatment- bf-the resulting data Is described in the literature.    It is 
stressed: here that this, type of precision measurement requires twö3iffe^ 
rsht variable. :shorts, one for the slotted section calibration and one for 
the* actual measurement-. 

5 
3 ! 

ICr Ppbthbte reference 7, j, Ghapy jil, p.* 1, 2« 
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A A -^. .gkfeG&-ill)ira,tiQnv: Siirve, if or Lcs sfre ss_ Structures 

^ r • . .4*1 -i&'scusseja: in/Pärt II j Sec* 4». the calibration curre is. pbtain- 
adnby^a pjöCi^f.'^ :(D *-S^gi^Xge) T:S. D> The gape shape curve is: evidently 
ot)Mited; if on6:^i6t| ^(D^gdV+" S/!x«X vsi ;?/X-^, the difference: being that 
t|ie Satrec^%p£fW^.^.B^teTkt±yrß: to; 'Xg*. Although it is. ciearly preferable 
P3^ril#ht^^y to ;de^Nk'th .gÄpme.t#c^^en§thsf/Jit fs/simpler in "the deri- 
viV^iph|: $p; utilise l^gths'nö.Seiized tp'the reäjpective guide .wavelengths. 
f^*#ßFte^ri4Sa^ll-ä't^i,- in ail of Part: Ä the: symbols; D; and S will 

^ii .   ,:       ffi*''".'CjgrjBBli'Pji-"for, the ;sHape~ gf the calibratiion; öüJvA'itäjlS^stv 
P^W'h^'&eÄ'fTom the tangent:i. pr tj^sfaimer, relation of A.Weissfloch1^ 

im 2 -ki.#'"41Ü=   •=. Y tan 2 %£S •«•" .S:'.,:).- (3^1) 

S0 and whe^r-jB; the^nptatiph follows; that of If. Marcuvitz. ^   Parameters D0  , 
T,   cbarapterizp. th^.^ S are 
-distances" vr.elati-v^ w Tgu^a^i^velengfehy; from chosen reference planes Tn 

"and-Tg tp#~vb|tfge nulled a fshprt\eir.ciut in the input and output guides, 
resppctiyaly|./the.pe^tiL&Mi*"l:Methä and their positive -direct-ipns are shown 
in-Pig., g,    The characteristic points. D0 and S0 signify the reference plane 
Ip.catipns fcQrfeespp'hding to an equiySlent "network consisting only of a trans- 
former of turns ratio  "yf'4 'V ' ;  (- Vj is furthermore the insertion TSWE of 
-the two.. termir^^ps-ir -structure being measured. 

if the ;lnse¥'t'ip"n 'VSIrJH. of tlie discontinuity is small-, äs it almost 
fss vreul.d b~e for ä slotted section calibrationt one can write 

Äs"'"!* * «' (3-2) 

Worming the. tah 2 n 
pnejSbtäiris 

^ Po + S - SQ), expanding and substituting Eg.. Q.l). 

(1 + Y)  tan 2 IT (D - 3)J 

7 * tan- 2 TT \Ji -? ^/ 

' '' ""Äi:'Weiss-f|:6Ghi ^lisine fmiisi!o.rmat.ion über verlustlose Vierpole und seine 
-  . ^ä*^°^6% Hp^frequroz^iuhd-glelrtroakustig, pö,. pp. &J~%3* 19&2» 

' ;^J^ ^^c^vitz,  "On the Hj^.resentatipn, and Measurement p_f Waveguide Dis- 
'.continUi-iies", Pro".eV" I.E.E., ^6 , pp. 72S-735, June I9US. 
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Fig, g   ffiwo Terminal-Pair Waveguide Structure. 

Empipying 43.2) for c small., we have: -^ — .   .  

o c ^    sin "«f IT Cö- JD0> (3 

the analytical expression for the negative of the calibration curve shown 
in i'igs:. 2 and 3«    *he additive constant P0 + S0 ,  characteristic of the 
discontinuity Jbeing calibrated'^ is afno cönse.q;ügjace since "both D and Dj 
£B§3"Pasrt II) are corrected "by the same- calibration curve.    Selations (2*5) 
are sieben! to follow directly from the; as^lit.ude C/^JTT of ('3.3) and the physi- 
cal meanihg; ofi;V,  recalling that äistances in (3.3^ are relative te guide 
myelehgth".   "Th.6 ß20köi(äJ8.l_shape of the calibration curve "or small dig» 
continuities, and it a Dericdicity as shown in Pig. 2, also f ullow f rom 
Ei- (3.3). " — 

B,      The Correction Relations.for.Dissipative Structures 

The calibration curve obtained using purely reactive terminations 
is not directly applicable to measurements on dissipative structures; to 

/determine, it.5. applicability to such measurements one jmst investigate the 
effect of. lossy .terminations.    In this connection, a derivation is given 
below ,ofthe analytic expression for the calibration curve of - (D + S) vs. 
E, for the^ case of small discontinuity effects and for lossy terminations. 
She relation bet-ween this curve and that for purely reactive termination* ^ 
Is brought out, and a method of using the  calibration curve to  determine the 
corrections to the mearsur"ed "WSV/RVs is included. 

I 
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liar^gters D0 ,s S0  , and Y of the tangent relation (3.1) are 
;piirely real" fpi ä Iösslesi Btruqturej äs for example the slotted section 
considered now*   However,, \p.m the_ termination is dissipative "both D and S 
arö •complex.    fhei r relation to theimeäsured quantiti es, are: 

f •*$'%: -* |;% "?•••« ^  * J*« .C3.»0 

,i*ie5f: Sr: ähd^-Sjp r'are thof di'stahcfes from the reference planes to the .voltage 
mi&im in the inpi-t and .output :guide_sf,. respectively, and «here % and S^ 

...are. @^en--oy-':|V. - : '-.-•:-.     - r . r-^   - 

tanhs£ 7T-Di    =-.  «r^r- 
•'-. "ft:-.' -;;v~    "-   •' ••    --m • 

tahh ;2 tr :'S-_"•.-: •:=.!. «•_. (3-5) 

^^(•§|äsüredf^syaf. r_ |äctüäi). "being the. .YSJjit's- in the: slotted section and 
JÖ»f|&t ;gü|df> -respectively.-- -$et 

-*"--•#   2 -7iL{'D•* Lj x   -    2 TT CS - SQ) 

so. that Eq_. (3,Ji): becomes 

tan y   =.    Y tan x 

(3.6) 

O-*)- 
Eorm'ihg: the. tan Cy + x)t expanding, substituting (3.7)., and .employing (3.2) 
since the discontihüity is. snail, one obtains 

Jan. fy +• x)' e tan y 

i: * e) -f tan -y 
(3.8) 

Since y. is_conplei? it; is not permissible to drop the c in the denominator 
unlless -,£%..- 1| ^ci;. for r^- = r .^ tan? y ~ - 1. The. correction relations 
tojbe- ölb'tei.ned.helQiw^ar.e thus valid:, under .this restriction. Also, since e 
is small,. tanx.(y + x) can he replaced "by (y +. x), and (j.S) ."becomes 

y + x   =  •—   sin 2 y (3.9) 

•Oömhihing'definitions (jj. 4), and (3.6X one-sees that 

y * X .= 2 TT % * *r> 
1 + SQ) j + j 2TT".(D1 + Sj) 

and 

l^^ry^-ife^firt^C'^. ^ 2Ü  epsh. ;^ ^.^. 1 cos %f (?>,,. - S„) sinkjte ?i   ? 

&• 
Si 
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'.*"< f"".7*w* j      i 

^J^t^M^i-zn 

—       1(7 .A—tOl- -SSfl 

W VJO~ 

"So that yiejtäg .fpyjLts -resut and5 iragilJary'S^sts 

* g#||•« *?0 + s0) « ^i^lit^^Ä^ 

37 (?t + St) = | cos %TT (Dr ^T PQ| "Ä'llJ' •*& 
,lt 

3?J'f 

3 

\*herx % approaches, tnfinltyj(:^p^^^^Vt*l"•i^W;P.ni),.-1,. ?i,L«Ees 
prpachss serpj. B-, and Sr "become 'BimpT^ # and S. and "3Bg>, CS*1Q) becomes the- 
exalylbic expression {3 »33 for the pjaJLl^rjgtjjan cowe^-pf'-- X^*;J[-)L2I.;K"^'^?: 

the lossless «aase; EqL. ^.ir), then Tanishe»*    It isjfeeni_Jh^|fpj'(i^ "that^ __ 
when dissipative structures are neas^e^ihe ^ readinge »y |« ^rredteff 
hy using the cäliDratiön^puiTe pertained for ^e lösgl-eas gaae pTO^dpd^ that 
thes e corrections are »^ tiplied /by the, faot^ypo.sh: Jffr^»   3y; rpjff roace tp 
\%*W) this factor "becomes -'.< : ; 

m •   A 

m - 1 

in accord- with relation. \{A5;) of the Appendix:, where r^ is the jne&süred VSWR . 
vialuecörrefpondingirtp the Pr value involved.. 

The pr-esencs of a discontinuity in the »lotted section will affect 
tae.:-VSJSIvalue also t. so .that the measured value rm. is different from the 
Tälüe,-Xg,. ^if.-aiitjj^a discontinuity.   It ig well known that\rm.W%il fail.j^e- 
tweenrSh« ItetsrW % i|s^f ä^ r^^ij since (*<?) is; 3he ins^til^^WR 
of the slotted section .disppnti-nufSy.,.  .For a sip tied f ectipn alpne-, tte9: 
väitie Pf :(~y|.-i^ generally-»"bsut %&2.± so that r^ is- di'fffren^fr frpm-f^ hy 

•2 :Pf?Ci§|t ;oxr:~X^s^-tfsttajyty^&is^o^ i'e" neglected».%*; if no** the |ii*fkr*< 
:ehc;e Ibetwegn #m *hd ;T~ may he .determined from the calibration cur^e %y the 
-top Pf Ti547~C3.il).   ^"sing. expfessipns. ;(3.5:)t #nsid"Pr: 

^ ^ -s   _ JL .„ .L 3    sirih.2n (Dj+ %)      . r3.^ 
- ^^i^LrW --i£      «>sh 2^ % ^cosh„2tT-:s_,-          O^A/ tanh^gn: D,; * t&nh 

3ihce^. *hPi difference hptw^pu r« ai^. ra is {smail:^ (3.43-) .may "be written as 

•4 IS 

3 

1 

I 
3 
1 

cojsh   2rr D^ 

.a      •ra- 

ni 
(3^4   _; 3   -1 
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•--.ÄJB-*     %VV     ' =":...•   '   '/ff-" Cj-15») 
e4ä >su*bsi|^uting fpr the- cosh" term of ("3,1*0 ("by expressing it in terns of 

-•fphsnö: üsingv:.(.3^>)->:-one -=pWisägi* ~ 

•-       •• '- -    •      ' r • T 1 
(3.16) 

-\JÄpg|^ ||.ll-};..   The sinh term of the 
:^i^^teW^^#^^'"'^^i?oi&""io--^e-iä''iÄ2 to 2TZMM '->• li- so that SQ. fa.iH 

a;:^^J^^^%;:J^^:^ r-ü^lj _C3>i7: 

•or- 

^tT^Ü 
-       •.     -"•'     - - T 

II 

I 

r- 

, ^qp^^c^ets- fvf Sc.. (Jilt) is to "be compared to the right hand side 
•pjF S^\3oj>  tk° expression for the negative of the calibration curve;  they 
'differ %^he;=aiddi'tiye constant DQ + SQ and the I/.8 subtracted from D_.    As 
S^^^i^^itorT^^-öprw^t BQ + ^'-fir'iri effect set equal to zero since 
#ie;;s^ßp |$gr axis: %tdra>m iihföXi# theayerage of the curve*    Thus, JEq. 
tj»?l#): ^tätgs: :t:hs.'t the; correction   A r (.which is to "be added to r   to -give 
•the. cOW-ec^C^^'yafue}; is obtained from the calibration curve 'By multi- 
#ly^%;1#;:%, "the--# fr yaiüe" 'bp.r-respohiii'ng to T>   - l/:g/not D .    if the 
^^g^&"^^ri¥'jfS*t:?8ä" Öf absolute lengths rather than guide wave- 
lengths,    £r is1 .givött % the. A? value at D    - X~d/S, multiplied by 
MTT r_-/X..g_ , -as specified' by relation ^fi-^ •**• ^v,a «Sw^-»«•• *\A 0- äf' -the Appendix. 

-.Eqsäfcti-pn- ^(-J-ilf) -jnay he written -as- 

-•pr.-_-""   . 1 ^.,(e.-:'CÖs; ^F^T 
;so' that the snaxiäüä- and- M-n'iäiiM values fö'fr r-   are: 

, til' 

-Sir   "JS-    T 

r- 

J.  - ?e 

a r-     =    _,  '- '-' ' n r, + e 

;,    s 

J. 
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EnrplOyafig; "C3'«2!)/,sr we obtain 

=    ra> *J a     - -r - *m "a •* ' ' m 

for the= limiiiäg-väiüesi,.. in agreement with Eq.  (2>9,}.,s 

"G>    ...-She-.Effeet of;an.-Error.in.the yarläbl-e.Jahort 

fhe Calibration procedure ass_12n.es that "the variable short is -per* 
•feet:;, if- the. caiih,-ration curve is' in Illrge gait due to an'error in the vari- 
ahle sMrt and if oo.rxeotions'sre- applied-only to the Lvalues, then, except 
.In special .cixfumsJäncjes.,. an. error will' -ho, made irr the- datay as shown below. 
Error; in-, t^e^vajria^ljB-.short is. in'i-reduced if its. gu|de vjalts are not uniform-, 
'if^:the^-ti:pa\>d'^-%^.\-p|unÄ§r is not perfectly parallel to the guide axis or 
includes a lateral, motion periodic with a rotation of the micrometer:.spindle» 
.ftc,.; _Ihvwhät ^&£%>^i^i^-yÄ%ne^of/% .in the. tangent -relatiön-pEOceLdure1? 
-för ä .lqefl;les5r structure is obtained first assuming that the calibration 
curve is due solely to ah error in D and then solely to an error in S, and 
the results  examined. s A simple experimental method is then given for de- 
termining thei seat of- the -error• •     -. -•—   - 

. We "begin, by introducing the notation to be employed "below.    Let 
p: and S "be the. actual readings., and pQ  >-ü      aud Y^ "be the constants of the 
calibration curve,    fhe tangent relation (3.1),  for a subsequent measurement 
on SQ^e discontinuity,   containing only uuprimed quantities will refer to all 
uncor-r-ected aUantities;  the relation for corrected values of D, and then S, 
will contain* respectively, P1   , S  , p£  . SI  . and Y'   , ahd D' , S»   , D»   , 
S« 7'annY".    Ihe correction  AP is given oy the negative of Eq.  (3 «37» 
.with, D0 + S0, set equal to. zero _fo.r the reason indicated there, and the 
correction    .& S. is 

AS  =>  ^ sin im (s - 8oc) - Y„    =    1 +  <: (3^13) 

the derivation of   A S parallels that cf   AD.. 

An expression, for Y?  is obtained by writing the tangent relation 
(3.1) ".for the uncorreeted quantities as --_-- 

fcM &T CD.'  -  A D. - D0)    =    Y tan 2n (S - SQ) (3.2O) 

Sine-e. the. value p±' Y1   is given by the. slope of the D!  vs. S curve in the 
_J^hge.;(ll.«  ~ pH any. (,S - Si)" small,  expansion of (3*20)  in tnia range yields 
.(^recognizing that P^ändrS^  differ only slightly from D   and S )  . 

\ •*   1   &., . *> i ft ft, 
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.;_.;' ik _;^^^^g^CTgf}^ ':Y; 2ft" (s - sp)    ; 

,(Phe expression; /(^Sff^fcfctt;i#''D:;n^ -be rewritten äs. 

AD 

which becomes^ for \M' •'•• D ').;smali:,- --•-   -...-.        ------    _- 

'.',•:••--'- :   •• ••'.& •#"-•   ¥-xt3.'-";-'S J-Wff. •% (iJ:   - D. ' •- AD) 

^ sinJto (D' - 4    D>I     +3):   -D) 

Cj. 

: > ^,sip^f;-&>iy - .4:1)): 0*?2J 

vhere if)-' - ^n (D^ -rr Döc -   AD).    The variables in (3-23) are D» ana S (A3 
.ig vefy glOjwIj? varying and nay .be considered constant/,  so that it may he 
re\iri.tten.':as- 

D1    « 
v 

"+  e cos"$' 
rr    S +. Constant' 

!   " 

Since Y'  is  the slope of the curve of D! vs. S in the range considered above, 
ye have r 

y   2: 
v 

1+  e  cW% CDÖ  ~ SQc; 

or 

A vi    a-   - € cos ^ (.D0 - Doc) 

(3-^a) 

(3.2^h) 

By similar considerations an approximate expression for Y" raay be, 
obtained*    Equation (3.l)  is written as .r— "-.- 

tan 2TT (l> - B )    =    Y tan 2TT (S» -    A3 T SQ) (3.25) 

l.'econsider/the range, CD - D^') and (S" - S ) .snail,rjad obtain from (3.25) 

1 H. f 

2TT (D - i>o)__ =   Y 2TT CS" - sn) -rar a S 

!.       ;•-••   «»'    A 
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;
;DES^ZE3B: 

!7'~T -:^'~7^':r'r ';• ''"      #|   =    OS"- Sö% col <j>« + 4- sxn$•»        ; 

*3>pn- :saWi±Suti6a into 43»-.sS!);.» andseparating out the •constant ter^s (con- 

Lm^^^M^e ':öa#.-.©-,Wi--S-'-1-' +- Gbmstant" 

^erejj1' .-«.'fe tS«;* MLC. ";-4- 'iS|;..-    Sinee. Y» if :the; slope .of. the curve öf 

•P^;:;f^.^^^iip'^ '    o-?po 

or 

Ä'"yV;rC "-"•=••   CWl* 3v :^~s; ) 
o       oc (}• *tf 

Go^^risp;n--p\f-J!'a:.//-C3-.?^-Ffor the change in Y obtained "by correct- 
ing;.the- -iv^lüesy.. with _"liq*_f3JV.2|Sj" .for the cja^res^ondiyg change resulting, 
from a-.correction of the :S vglues,  indicates tfcat the change? may he in the 
same or Opposite directions', -depending" upon the relation between the ;P0C and 
&     of the. caii-D-ra-tSon curve and the D^ and S^ of the str^ture beingjnea- 
^urkdt   SG^ e^ple,  if D6 =: D—and S0 ~ S^q  v the corrections vri.ll he 
similar,. xMle if D0 = "Öo£!. änä    öQ =• %c * T/4,  the scrrectibns will be. 
opposite; it is therefpre purely fortuitous whether or not the corrections 
"vdil %e the same,.    Althoughthe above, investigation .«as narrcv in scope .in 
that it ponsider§a "only .päräföe,t,er-*£• fö* lossless- isitiuc-tiu't^  ItHiM&lcatss 
that- it is neceasar-3^in. general to know whether the alihration curve is- 
correcting primarily for er.rp.rs In the slotted section or for those in the 
väriahle shpriu. . _---"-"     J- --r    .,.   .-   . - _ ~-— 

A .simple eö?perineütai method for determining the primary source 
of the error is the fb.llovri.hg.    Two  calibration runs are taken; for the 
fir:st.,:Jsfes= variable short is placed directly after the slotted section in 
the usual fashion,  for ihe second, a quarter- v.-avelength .length of line 
;,;ä,.i/.,ji.. __i._4.i—4.-J     ...3-4-v.  v, „ ri.i-.4- n.< *iT« ä -i'.ri ^n-n.t. -jfTiiiix+.v p-ffp.r.t i   is inserted 

.hetween therhi   2our calibration curves are,--then plotted:    - (D + S.)  vs. 
^^J%/--S^y-a."^ffio:^Ir8.t-call>Ä!eion run,  (,c) .Ü,  (;d) S forjthe second 
7cali-hrät:ion run;, it is well to- superi^ose: curves (a), and (c) and curves 
fh) and. Id)v   Vertical shifts; shbiild he neglected,  i.e.,  the abscissa axis 
•shöufäohe4-rav/n through, the average.-öf all curves.    If all of the discon- 
Itihuit-sL 
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ÖRDIJIÄR*  GALIBRAT ION  RUN 

•T    CASSATION  RUN WITH  ADDED QUARTER 
WAVELENGtH L£NS?H OF LINE 3 

2 
S 
a 

f'B:   Gui^si Qbtäi-ned ^en th^ Discontinuity Effect is Solely in the. 
- .Slotted Section. 

If the inserted length of line is not discontinuity-free-(the pri- 
ory effect can occur at. the junctions "between the-line and the: other equips 
men^f the, procedure descrfb.ed ähove is unreliable;, a partial check on the 
length^öf^li-ne is\_. obtained by reversing it and__ taking--a third calibration 

Trun.   -Since in practise it is desired to calibrate -a°dis continuity "effe^t^ 
knötinto be associated -With the slotted section, if the procedure described 
above, does, not result substantially in the curves, of Pig". Si the variable 
short-should be rejected and a substitute one obtained. 

*. "V.V 

\ 
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\"-:";: •^SgJfe^^^ig^oilsj^MTOgiJ^: 

^he-XJi^lt^ätiönugröcedüre. 

jS'^asur>eniiea#3r 

The detector is assumed, to bs S(|üc,re'lä^uy-^ s^spp^lÄsf: ^ii'bfs,'- 
tiöa^^anü, ths prob»; ihserMpn depth is. 1älc^t~tö"'g^S^iäi^7;;M^|Mis^'l ^Ll> 
"br^bi^g, the- dgtectpr^^Ä^ccpMtipg. för^gregter pitfbej^gfgii'c^t. dep;|fehgjc# 
jtvfen. *Ä tö*?- literature.;.:*'." The pröb& shpiij.<i 'he- |lffi§d ,0r' ;maximüm- pickup 
in:.order"tp deduce the asymmetry effect" intrp.pVuöeäIbf t|ig;prob,e susceptance.• 
$g-..bi?d£r tc mihlaih ep^ during, t^g ,^as.urep-entf.A it; 

jts ul^yisäliWtö; i^I'pj^ ,a^!f requency jtepUlfzitx. or monitory -Taä. |i4gdä.r^: prö.-r 
pislpn p^ceÄure fpr locating aJ-pXt^ge minimum.is to, ;ppt§f|L^i^ ;ä%e|Äge •_ 
fö^i^pn^fetwejiö ;fa^f^p;ower ^eyels on .eacßf side. §£ |Ee i£i|tiliufe:   |i-a:-... 
che^kTön the: revökieäent-öf symmetry for the voltage minimum,^ ofte^cajnp.b^^ 
IbfieTÄila'ijifiSi,' pbM tiLp&jf.röm .röadings at;.ti»ö, different ppwe# lierelsr,. andrer 
^4uirl.tha|""they agree.to':^^%^Ö-i%'1i^.r.fä^ -e^il^&a^:^-.  --.; " " 

fplL'lPwB:, 

E 

E. 

The notation employed in the calibration proc.scL'ir« below is as 

is -the indicator reading TcPrresponding to the probe location at 
ä vpltiag'e:-minifiRjia in^^ the slotted section. 

is-the reading corresponding to the Idcatipn of the variaole short. 

(R signifying "reference")  is the D-reading corresponding to a 
ihö-rt^c-irc'ait located-at the; end of the «slotted section" nearest 
therxOadi       —       _ ""     -- 

is the S reading corresponding to a short circuit located at the. 
end of the variable short..   - 

is the guide wavelength in the slotted section. 

is the guide; wavelength in the variable short, 

The "'slotted section" to be calibrated includes the slotted section proper 
together vith any associated equipment such as adaptors, bends, etc.    The 
calibration of any coupling element associated with the variable short J.s 
discussed in Part II, Sec B, 2., and is not treated here>    If the cali- 
brated slotted section is to be used only for the measurement of single 
terainal=pair structures^ it is not necessary to  determine Sj^.    The equip- 
ment is arranged for the calibration procedure as shown in Pig. 1.    _. 

—— -—-'-. —(it)—M^asur emeht-of-Bg:—3-i-nee-the D-valuesr generarlitynappear-as— 
\ am arhltmiy reading on^ an. indicator attached t-a^the .slstted =5s*l-i?-.- the 
\     following is employed to obtain this reading relative to some fixed refer-* 
\    ence -plane, Nor i/hat is equivalent,  to a position n X_j/2 away from this 
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le. Place a very smooth flat me;tal;ylate at. „the. end of the «slotted sec- 
tion" (including any adaptors, etc«) nearest the load. The reading on the 
indicator corresponding to a voltage nail produced hy this termination" is 
DJ»? She geometrical distance of any other measurement, reiative: to the re- 
fepence plane chosen :=.? then given "by subtracting Dg from the indicator 
reading D (after correcting "both D and .% frc!!n *&e calibration curves). Dis- 
connect; tK§"flat metal plate*        "'_ 

•M 

L- •  ii-i-.^... • .    •       •     . _ .   t ... '.        ...... I 

"1"'^  ";   .   v2^: • Measurement of Sj«:    The plane of the end 6f the variable 
p||jäg|i";£-,s; usually" sli|hfciydifferent from the plane of" its effective short 
circuity&näTits location -is generally' given; in texms of an arDitfaiy. dis- 

;tahc^bn:a Äier&meiJer scälev    In order to locate %&& plane of the effective 
"^0^vc^.rbM:

1t'ir.elätiv'ö tö the e'nd.öf the variable '.short', connect the.vari^ 
;^Bre^\lig-r^-"^'Äcftl^'"-iö the «slottedsection* ;(plua adaptor,  etc.).    Set the 
p^be^eärräa^ ron the{. lottf4 section at ;3)g7 and ¥a,ry th§ pös-i^ön ofc tne 
variable;short"pitunger until the voltage'hüll in the slotted section occurs 
--äty^ short micrometer reading' is "S£.   The 
.geometrical distance for any other" location of the plunger relative to the 
above-mentioned reference plane is given by subtracting .S« from the reading 
S of the micrometer. 

m 

A. more accurate determination of Sp is obtained by moving the 
variable short plunger and averaging the jsosit ions" between equal power levels 
in the .slotted' section detector; .a check, should "be made hy setting the micros 
meter at S-^ and determining in the usual 
voltage null occurs exactly at Dp. 

;ragihg -PashinT! whethsr or not a 

(3) Measure the guide wavelength X . in the slotted section. 

(If) Measurement of the guide wavelength X  in the variaoie 
Socaie D-corresponding to ä given setting S. Keeping the D value shortt 

fi?edt. move the variable short plunger Until & voltage null again occurs at 
Ln-the D.    The difference-i: s settings is equal to X   72. 

(5)    Calibration run:    Ohtain a series of values of D and S over 
the range of travel of the prohe carriage by varying S and tracking with D. 
Take, about 20 approximately equally-spaced points tö the half wavelength. 

i] 

3- 

3- 3 

1 
AS 

,'i 
J 
"3 

/&* treatment:of„Data- 

•;Pio-t. the graph of - \v 4- 5 X •'   gs; ,*s. B*    Draw a smooth 
curve through the distribution of points;  the Curve should "be sinusoidal in 
shape arid, periodic in Xp^/2»    For increase precision the plot may he made 

^n^^-ia-rgeT^heet~of.päper;rthe size should depend on the scatter of the 
.dat&;• .pod-Tit's -.   _ 
•: '"'•"""• -———.--  -x • "\ 

\ 
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•A. .siigktt slojfe.- will. appear in the curve if any .error is pr«~ - 
,sehf- ^;ihe; ;ratiö; '^g^plgg'V ^Ö-Lf3£P^-^hculjä- he•/eljad-ääted. ^yraitejäi^'t^i'a- 
ratio %c<||£di|ieiy:.    *hö Jesx^Sing fälüe should "be used to obtain a m_6.fl; 
a^okurate value for either h*- °r K^,  «-whichever is felt to he less reliable. 

;..-.._-.$$£   Praw the ah8cissar;a4as through the average; of '$\e curve-.,, 
label'%& pidinatö axis as ,A %]$& the ahscissa axis as'D.    The curve should 
iööfc: like-iFigi 3.       -'-'.- 

i ~--. 

'jS-aTiy. -;€he!tC6r-r.eetir6-:nClte'3^1^'äs 

'^r#l*-y -"'.' ,%r loi3g%:e^^ .---"  - ~"-'-" "'" '"  _ V:...;   --^ '.;-..  ;  ^ .-".V\.- 

.. -"„...=--", 'X£}}>- PM^-P^-^M^'i Ä^B Value corresponding, tp the Devalue pa ques" 
_Mpn f3^m^th».;^tihrÄtiph^.pjiirv valufe-M P 'li„-git.^.^y: 

Repeat The 

i—^Gorrected-,:..._w.„.._^_._-L--_; ._ gs.': gd _ 

;= as, in (l). to >otbt^inL^thj9 corrected value of Dj. 
—^R e     "    ted -i^SS^tke Vacation"of the voltage 

miniE'^i„relative to the reference ..plane, associated with l?j, in-.-a yavegu3.de 
of q: \racteristi.c impedance and'.guide wavelength identical', with, that of the 
vär.i^'ole:lshort used t.ö ca?i"i^ratir ih^-slötted" secti:öh>  "~ 

-,' ~Sy-,: -^Ildr^disaipfetive.-rS-tructur.es- -. > 13-.      "•;."."-.   ^--^-   

..__ .   She corrections given belpware validTundeT the restriction ~ 
fltv^^^ifiC^l.,  where rm is the, measured vaiue~öT~thjB~ vSWE and (l + e) i^ 

', the. insertipn'-?S*CB.,pf:^the slotted .section. The value~of,e is phtained from 

T 

c   =    2ir "gd li 

(l)    Obtain the   A X) -value corresponding to the 3) value from the 
^M^taftjän^äföxev'  The- correctedvalue; of I» is: «ivenrhy 

corrected =    { D * A 
r-~ •+•- 1 
"m    ;.. 

m 
yea. 



-T--        "I' 

' «ecäB3ds^3?as^o;^"Ife»~ 
as to (l) for lossless structures to obtain the co: 

,ThV :comra~ents" under (2) for Tossieas structures also 

•-:>••'•   •    -   *vM^ ;^h? correction   ir, which is to "be added to x   to yield tho 
cörre^sSl^s^yaius:. is ,. 

^TT r^  (-*"" -^ 
Ar   =   ^jAD 

Agd    L.     Ji/g 
(A4) 

-JE&ers. $:ÄP)i/g^.signifies that the value of A IT is obtained from the cali- 
bra$iöh> cüürve* e& ip - X^/St rather than at P itself,, where 3) is the indica- 
tor"xeäding correspondingto the voltage minimum. 

fcmoMfried' procedure valid- over a narrow frequency hand; 

• *"'    'The cälihratiöii procedure described above can he made valid over 
a narrow frequency hand, say i percent or 2 percent, rather than at a single 
frequency t 'by a slight mouification.    Such a requirement is of interest -when 
it is not-' ea#y or dssiräble to reset the frequency to the exact value at 
Wuiich the- calihra.tioh vas 'made./ The modifications: necessary are: 

- (l), The calibration curve should be plotted as - (B/X•^ + S/X ) 
vis» ^B/rXg^ ; the corrections are then given as A E/Xg^. Any slope present 
.should bs-eliminated as usual. 

(2). The value    ^_ed for the~ratio Xgs/Xgd in relations (Al) and 
should be vhat obtained on the day of measurement rather than on the 

day of 'calibration. 

;     Two assumptions are implicit in the formulation above:    (a)    that 
the discontinuity effects associated with the slotted section are substan- 
tially constant'with frequency,  (b) that negligible slope would be intro- 
duced if the calibration curve were made at the slightly different fre- 
quency,, since the ratio X^/X^ would be somewhat different.    For assunp- 
tipn ta)_,/a change in 1;he0discotftinu.ity effect would alter the amplitude 
of the curve and produsö a lateral shift in it;  however,_ these effects may 
be neglected for small frequency shifts.    The ratio kg±/\B may he written* 
as kgd^ss = i + p • where   8 = K X^    , and is very small;1 it is easily 
shpsm that for keBl%0 '= 2» where X   Is the free space wavelength, the 
change^in *gd/Xgs' **' give:'"1 ^ 

See footnote reference U, Eq. (ll). 
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For $gäAgg = i=°P3P:t «mä' for a frequency öhange of 2 
in-' tKe "V4T«length räSio is .00,02, which: is within e: 
Assumption- £o); is thus justifiea..   2he yali&ity of assus 
•detemin« the extent of applicability Of the Bodifteji procedure, 

, the change 
al error. 
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